genically rescued strains homozygous for a pat-6 lossHere we report a detailed genetic analysis of PAT-6/ of-function mutation (see below). These results directly actopaxin's role during muscle attachment assembly in confirm the molecular identity of pat-6. We refer to the C. elegans. Our data show that PAT-6/actopaxin plays a pat-6 protein as PAT-6/actopaxin. critical role during the maturation of muscle attachments Complete DNA sequence analysis of two independent and places it within the assembly dependence pathway full-length pat-6 cDNAs confirms the mRNA structure shown in Figure 1. originally predicted by the Genefinder program for T21D12.4 (Figure 2A ). Neither cDNA showed any evidence of alternative splicing.
Results
To identify the pat-6 mutations at the molecular level, we sequenced all of the pat-6 exons and RNA splice pat-6 Encodes the Sole C. elegans Homolog junctions from the two independent pat-6 mutants, of Actopaxin st561 and st570. Each contains a different point mutaWe combined positional cloning and candidate gene approaches to molecularly isolate the pat-6 gene (Figure tion creating a premature nonsense codon within the protein-coding region (Figure 2A ). To test whether these hypodermal syncytium. To show that the pat-6 mutants contain no detectable PAT-6/actopaxin, we repeated mutations block PAT-6/actopaxin expression, we raised an antiserum against the PAT-6/actopaxin N terminus.
the immunostaining experiments without the MH27 antibody. We identified pat-6 mutant homozygotes by their The anti-PAT-6/actopaxin antibody stains body wall muscle cell attachments of wild-type (not shown) and abnormal 2-fold arrested morphology. All of these embryos (n Ͼ 200) were completely negative for antibody pat-6 embryos that have been rescued by a functional pat-6::Green Fluorescent Protein (GFP) transgene. In the staining. We further investigated the specificity of the antirescued embryos, the GFP ( Figure 2C ) and the anti-PAT-6 ( Figure 2D , arrows) signals colocalize at body wall PAT-6/actopaxin antibody on Western blots of wholeworm protein prepared from mixed populations of C. muscle attachments (yellow regions in merged image, Figure 2E ). The monoclonal antibody MH27 stains hypoelegans adults and larvae. As expected, anti-PAT-6 detects a single ‫54ف‬ kDa polypeptide in wild-type N2 strain dermal cell junctions (arrowheads, Figures 2D and 2G ) and serves as a positive control for antibody penetrablots ( Figure 2B, lane 1) . In identical blots prepared from a pat-6 mutant strain that is rescued with a pat-6::gfp tion. Nonrescued pat-6 embryos do not express GFP ( Figure 2F in pat-6 mutant embryos, although PAT-3/integrin has ing, UNC-112, PAT-4/ILK, and DEB-1/vinculin organization does not improve any further in the pat-6 mutants formed nascent attachments, they are not arranged in a well-organized spatial array (arrow, Figure 4A2Ј ). Integand begins to deteriorate following the premature arrest of embryonic elongation (not shown). Finally, we investirin's organization never improves in the pat-6 mutants and begins to deteriorate after embryonic elongation gated the membrane-distal attachment protein UNC-89, which is specific to M lines. In wild-type ‫035ف‬ min arrests (not shown).
PAT-6 Is Required for Dense Body
We next investigated the cytoplasmic attachment proembryos, UNC-89 is present in nascent M lines (arrows, Figure 4A6 ). In contrast, in the pat-6 mutants, UNC-89 teins UNC-112, PAT-4/ILK, and DEB-1/vinculin. Each of these proteins polarizes and enters nascent attachneither polarizes nor enters nascent attachment complexes, but instead it forms a large disorganized clump ments in both wild-type (Figures 4A3-4A5 ) and pat-6 (Figure 4A3Ј -4A5Ј) ‫035ف‬ min embryos. As we observed within the cytoplasm of each body wall muscle cell (arrows, Figure 4A6Ј ). for PAT-3/integrin, in the wild-type embryos, these proteins are located in nascent attachments that are beginWe conclude from this first series of experiments that PAT-6/actopaxin is not required for the initial deposition ning to resolve into a regular pattern of dense bodies and M lines (small arrows, Figures 4A3-4A5 CH domains are required to rescue the lethal phenotype functional deficits associated with the F275D mutant form of PAT-6/actopaxin. of pat-6(st561) homozygotes, while the N-terminal stretch of PAT-6/actopaxin is dispensable for rescue.
We showed above that CH1-deleted PAT-6/actopaxin is recruited to muscle attachments in a wild-type backThe F271D mutation within CH2 of vertebrate actopaxin/␣-parvin/CH-ILKBP has been reported to block ground but fails to rescue pat-6(st561) mutants ( Figure  6B ). It is possible that CH1-deleted PAT-6/actopaxin, both binding to ILK and recruitment to focal adhesions [17]. A second group confirms the diminished recruitthough unable to provide full rescue, may partially rescue the assembly of muscle attachments. For example, ment of F271D actopaxin/␣-parvin/CH-ILKBP to focal adhesions, but finds no deficit in ILK binding [20] . We it might rescue the patterning of the nascent attachments, or perhaps, the recruitment of potential PAT-6/ tested the comparable F275D PAT-6/actopaxin in twohybrid, recruitment, and rescue assays. F275D PAT-6/ actopaxin binding partners located downstream in either the dense body or the M line assembly dependence actopaxin binds PAT-4/ILK in yeast two-hybrid assays (data not shown), is recruited efficiently to muscle atpathways shown in Figure 1 . To investigate these possibilities, we analyzed the body wall muscle attachments tachments, and can rescue pat-6(st561) homozygotes ( Figure 6E) . Thus, we have not been able to identify any made by pat-6(st561) embryos expressing CH1-deleted note that a proper paxillin homolog has not been identified in C. elegans despite the completed genomic DNA logs in vivo. We performed a genetic epistasis analysis sequence [23] . of muscle attachment assembly to more clearly define We have shown directly by removing PAT-6/actopaxin the role of PAT-6/actopaxin (Figure 1 ). PAT-6/actopaxin via mutation that neither PAT-4/ILK nor UNC-112 reis required to properly recruit actin filaments to the naquires an interaction with PAT-6/actopaxin to enter nascent dense bodies and to recruit UNC-89 and myosin scent muscle attachments in vivo. Interestingly, this refilaments to nascent M lines. These are events that occur sult is inconsistent with a recent report that mammalian late in the assembly dependence pathways and involve ILK must bind to actopaxin/␣-parvin/CH-ILKBP to be membrane-distal components. Our epistasis analysis recruited to focal adhesions [22] . This inconsistency also shows that several early steps during muscle atcould reflect differences between C. elegans and mamtachment formation do not require PAT-6/actopaxin. malian attachments. It should be noted, however, that PAT-6/actopaxin is not needed for the initial deposition the conclusion drawn from the mammalian study is of UNC-52/perlecan in the basal lamina, for integrin to based upon correlated failures of ⌬186-125 ILK (deletion accumulate at the basal sarcolemma and enter foci, of 30 amino acids within the 5Ј end of the kinase domain) nor for the subsequent recruitment of the attachment to be recruited to focal adhesions and to bind to actoproteins UNC-112, PAT-4/ILK, and DEB-1/vinculin to paxin/␣-parvin/CH-ILKBP in vitro. Because the ⌬186-these nascent attachments. Taken together, we con-125 mutation might also disrupt binding between ILK clude that PAT-6/actopaxin is not required to initiate and another attachment protein, for example, a mammaattachment formation but instead is required for later events that establish linkages to myofilaments.
lian homolog of UNC-112, it might be the loss of this
